Objective: to assess the results of the investigation of ill-defined causes of death (IDCD) to improve the quality of causeof-death data in Brazil. Methods: this is a descriptive study using data from the Mortality Information System; all IDCD which occurred in 2010 were selected; deaths were analyzed according to macroregions, states, state capitals and characteristics of how the investigations were carried out. Results: the proportion of IDCD was 8.6% in Brazil in 2010 and decreased to 7.0% after investigation and fell from 4.7% to 3.4% in state capitals after investigation; approximately 65% of the investigated cases were reclassified to a defined cause in states and state capitals. Conclusion: there was an improvement in data quality on cause of death resulting from these investigations which have led to an important decrease in the proportion of IDCD in the states and state capitals, although there are still some regional inequalities.
Introduction
Mortality indicators are essential to understand the epidemiologic profile and assess the populations' health situation, and for planning, monitoring and evaluating health services. In this sense, data on death causes are the most used. 1 However, mortality analysis can be compromised in cases where there is a high number of ill-defined causes of death (IDCD), especially in time series studies and in the distribution of causes by sex and age. 2 According to the International Statistical Classification of Diseases and Related Health Problems 10 th Revision (ICD-10), underlying cause of death is "(a) the disease or injury which initiated the train of morbid events leading directly to death or (b) the circumstances of the accident or violence which produced the fatal injury". IDCD are those whose underlying cause is classified in Chapter XVIII of the ICD-10 and contain only the description of symptoms and signs of diseases. The occurrence of these deaths indicates problems in the access to health services and reflects the quality of medical assistance offered to the population. [1] [2] [3] In Brazil, despite the improvement and consolidation of the Mortality Information System (SIM) since the 2000's, the high number of IDCD is still a concern. 4 In 2003, these deaths corresponded to 13.3% of the country's total deaths, presenting a great variety among municipalities, states and macroregions, with proportions varying from 25.9% in the Northeast region to 6.7% in the South region. 3, 4 In 2000, developed countries such as Hungary, New Zealand, Finland, Cuba and Romania already presented IDCD proportion of less than 1%, 5 which highlights Brazil's high proportion of IDCD.
North and Northeast regions, which are responsible for the occurrence of most IDCDs, presented a sharp decrease in this proportion, resulting mostly from specific investment made by the Ministry of Health to improve essential information, [6] [7] especially in regulation of data collection, flow and regularity for providing information on deaths, 8 discontinuation of automatic and regular transference of resources, in the case of problems in providing this information, 9 besides the release of data, technical publications and human resources training, especially on codes of underlying cause of death. 10 We can also highlight the promotion and distribution of a new instructions manual in the filling in of Death Certificates (DC) since 2011, aiming to raise the healthcare professional's awareness on the importance of this document. 4, 11 Regarding the quality improvement of statistics on causes of death, the Ministry of Health established a proposal for investigation of IDCD, especially in the country's North and Northeast regions. [6] [7] In 2006, the National Network of Death Verification Service (SVO) was created, highlighting the need for implementing the SVO in every state capital and in the Federal District, which will total up to 74 services distributed among the 27 Federation Unities (UF). 12 In 2008, a pilot project to introduce verbal autopsy (VA) as a method of investigation of IDCD home deaths was initiated, using World Health Organization's (WHO) standard forms for VA adapted to the most prevailing causes in Brazil. Supposedly, the VA analysis allows the physician to identify the sequence of events which led to death. 2, 13, 14 Good results were described regarding the decrease of IDCD in the North and Northeast regions with the implementation of the program 'Percentage Reduction of Ill-Defined Causes of Death'. 4, 15 Considering the importance of IDCD and its investigation, together with the availability of mortality data from the national health information systems, the aim of this study was to describe the results of the investigation of ill-defined causes of death (IDCD) to improve the quality of cause-of-death data in Brazil.
Methods
This is a descriptive study about ill-defined causes of death and its investigation in Brazilian states, state capitals and macroregions.
In 2010, the country had a total population of approximately 200 million people, in the 26 states and the Federal District (DF), living in 5,540 municipalities distributed among five macroregions: North, Northeast, Midwest, Southeast and South. In economy, as well as in the population characteristics, there are significant differences among regions and states. 16 We used data from SIM, available at the website of the IT Department of the Brazilian National Health System (Datasus): www.datasus.gov.br.
Mortality analysis can be compromised in cases where there is a high number of ill-defined causes of death.
We selected all deaths occurred in 2010 whose underlying cause of death was covered in Chapter XVIII of ICD-10 (categories: R00 to R99). The place of residence was considered here in order to stratify deaths by macroregions, UF and capitals.
In SIM's database, investigated IDCDs are informed in a variable field named 'TTPOS', and the underlying causes of death are presented in two ways: the original (variable field 'CAUSABAS_O'), referring to the underlying cause registered at the time of death, in the field 40/ Bloco V of the original DC; and the final underlying cause (variable field 'CAUSABAS'), referring to the cause determined after investigating the death. In case there is no investigation or it does not enable the clarification of the underlying cause, the original underlying cause will be the same as the final. In case there is a substitution of IDCD for an underlying cause not covered in Chapter XVIII of the ICD-10, that will be the final cause, and these deaths will be presented as reclassified. 4 With regard to the database variables 'Place of Death Occurrence' (variable field "LOCOCOR") and 'Death Attested by a physician' (variable field " ATESTANTE "), these data come from the field 20/Bloco III and field 43/ Bloco VI of the DC, respectively. The first variable refers to the place where the death occurred, and the second refers to the condition of the attesting physician -responsible for confirming the death and filling in the DC.
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The following variables were analyzed: original IDCD (all deaths whose original underlying cause belonged to chapter XVIII of ICD-10); deaths investigated as IDCD (all deaths with original IDCD and declared as investigated at SIM the following way: yes, no, or blank); reclassified IDCD (deaths with original IDCD that had the underlying cause reclassified); investigated deaths with reclassification (deaths with original IDCD investigated that had the underlying cause reclassified); final IDCD (deaths investigated or not, which remained IDCD, that is, they had a final underlying cause included in chapter XVIII of ICD-10, presented in the format of code for cause of death with one letter and up to three digits); place of occurrence of investigated deaths (hospital and other health facilities, household, public road/other places or ignored); person responsible for attesting (signee) the underlying cause of deaths investigated (assistant physician, substitute physician, SVO physician, physician from the Institute of Forensic Medicine (IFM), other or ignored).
According to procedures standardized by the Ministry of Health, 13 the investigations of IDCD, that is, the search for information about the terminal disease for clarification of the underlying cause of death can be performed at primary health care units (PHU), clinics and hospitals, at committees for prevention of infant or maternal death, or comparing with other databases. Information on the underlying cause of death can also be collected on the SVO, responsible for clarifying the causes of death by natural cause without diagnosis, and at the IFM, legally responsible for clarifying deaths by external causes. Deaths in which the information obtained in the investigation sources aforementioned do not allow for the clarification of the cause of death, must be investigated through household interviews, using the verbal autopsy (VA) form.
The following indexes were calculated: (i) IDCD percentage, in relation to the total of deaths; (ii) percentage of investigated IDCD, in relation to the total of deaths due to these causes; (iii) percentage of IDCD that were reclassified to defined cause after investigation, in relation to the total of IDCD; (iv) percentage of IDCD that were reclassified to defined cause after investigation, in relation to the total of investigated deaths; (v) percentage of deaths that remained IDCD after investigation (remaining IDCD), in relation to the total of deaths; and (vi) variation of IDCD in relation to the total of deaths, calculated as the difference between the number of deaths observed by original IDCD and the number of deaths by remaining IDCD, divided by the total number of deaths. The variation of IDCD will be considered negative when, after investigation of defined cause deaths, there was reclassification to chapter XVIII, i.e., there was an increase in the percentage of ill-defined causes. If the variation is considered positive, it mean that there was a decrease in the percentage of ill-defined causes.
Data were processed with the software Tabwin version 3.2 and Microsoft Office Excel 2013 (Microsoft Corporation, United State of America) to produce the spreadsheets.
The study project was developed according to the Resolution of the National Health Council (CNS) No. 466, dated December 12 th , 2012. The study was dismissed from appreciation by an ethics in research committee, for being based exclusively on secondary data from SIM, of public domain, without nominal identification.
Results
In 2010, 1,136,947 deaths in the country were notified to SIM, 8.6% of them being originally attributed to an IDCD. This percentage ranged from 5.7% in the South region to 13.5% in the North region. Among the Federation Units (UF), the percentage of IDCD ranged from 1.5% in the Federal District (DF) to 19.9% in the state of Acre. In the South region, all states presented a similar percentage of approximately 5.7%. However, in the North region, most states presented a percentage of IDCD higher than 10%, except from Tocantins and Roraima. The low percentage of IDCD in the states of Roraima (4.0%), Rio Grande do Norte (3.3%), Espírito Santo (2.8%) and Mato Grosso do Sul (2.1%), and in DF (1.5%) stands out in this study (Table 1) .
Among deaths by IDCD, 30.3% were registered at SIM as investigated, ranging from 22.4% in the North region to 43.0% in the Midwest region. The states that investigated the highest percentage of IDCD were Tocantins (83.2%), Sergipe (78.3%) and Espírito Santo (62.7%), whereas Amapá (0.3%), Amazonas (5.3%) and Roraima (6.2%) presented the lowest percentage of investigation (Table 1) .
After the investigations were carried out, 19.8% of IDCD had the underlying cause of death reclassified. In 14 Federation Units, the percentage of investigated deaths with reclassification of IDCD was of at least 60%, reaching 85.6% in Tocantins and 82.8% in Espírito Santo. However, in the states of Amazonas, Amapá, and Maranhão, besides the low percentage of investigations, the percentage of reclassification among investigated deaths was lower than 20%. In turn, we observed a significant decrease in the percentage of original IDCD in relation to the total of deaths in Acre (6.3%), Tocantins (5.9%), Sergipe (10.1%) and Bahia (5.8%).
In the state capitals, 278,952 deaths were notified to SIM, of which 4.7% were by IDCD, ranging from 2.1% in South region capitals to 9.4% in North region capitals. The lowest percentage was found in Teresina-PI (0.6%) and the highest in Rio Branco-AC (17.9%), and only three capitals of the North region presented percentage of IDCD higher than 10% (Table 2) .
In general, the percentage of investigated deaths was higher in the state capitals than in the states. For the total of state capitals, the percentage of investigation was of almost 50%, ranging from 81.3% in the South region to 14.2% in the North region. In Palmas-TO, more than 90% of IDCD were investigated. The percentage of reclassification was of 32.0% in the total of capitals. Palmas-TO, Rio Branco-AC, Goiânia-GO and Salvador-BA were the capitals that presented the highest percentage of reclassification and reduction of IDCD in relation to the total number of deaths. In turn, some capitals in North and Northeast regions had the lowest percentage of reclassification (Table 2) . Figure 1 presents indexes related to IDCD in the Federation Units (UF) and capitals, grouped according to macroregions, and to the country as a whole. There was a lower percentage of original IDCD in the capitals when compared to the UF, especially in states from the South and Northeast regions ( Figure 1A ). In turn, we observed a higher percentage of investigation in capitals of the South and Midwest regions ( Figure 1B) . The North region stood out with the highest percentage of IDCD and the lowest percentage of investigations. With regard to the investigated IDCD, the Midwest region had the highest percentage, followed by the Northeast region ( Figure 1C ). This percentage presented important differences between states and capitals only in the South region ( Figure 1D ). The percentage of remaining IDCD after investigation was lower than 10% in almost every region, except for the North region ( Figure 1E ). The highest percentage decrease of IDCD in relation to the total of deaths was observed in the Midwest region, UF and capital, and in the UF of North and Northeast regions ( Figure 1F ).
We observed that, from the total of investigated deaths, more than 50% occurred in households, with a highest percentage in the North (67.4%)and Northeast (74.5%) regions. In turn, in the states of Rio de Janeiro (82.7%) and Goiás (67,9%), and the Federal District (77.6%), most investigated IDCD occurred in hospitals. The percentage of investigated deaths which occurred in public ways/other places was of 8% in the country, and equal or lower than 10% in the macroregions (Table  3) . It is important to highlight that in the North and Northeast regions approximately 70% of IDCD occurred in households, whereas in the Southeast and Midwest regions, this percentage was 45%, and in the South region, it was approximately 60% (data not presented).
Physicians from hospitals and other health facilities were responsible for attesting 25.1% of the investigated IDCD; in the Federal District, specifically, this percentage was 42.9%. In the country, physicians from the Forensic Institute attested 19.7% of the investigated IDCD, being 26.5% in the Southeast region, and reaching 49.7% in the state of Espírito Santo. The services of death verification -SVO -were responsible for attesting 7.4% of the investigated IDCD in the country, with the highest percentage in the Midwest region (51.3%), especially in the state of Goiás (86.3%). However, about a third of the investigated deaths (30.7%) did not inform the death signee, especially the Northeast region, where more than half of deaths (56.0%) did not mention this information (Table 4) .
Discussion
In this study, we observed an improvement in the quality cause-of-death data registered at SIM due to investigative activities, with a decrease in the percentage of IDCD in country's states and state capitals. After investigation, the percentage of reclassification was approximately 65% for states and capitals, which resulted in a 20% decrease of IDCD in official statistics. However, regional differences remained: North and Northeast regions still presented a percentage of IDCD above the target established by the Ministry of Health -which must be inferior to 10% of the total of notified deaths. 13, 17 An analytic study of IDCD spatial pattern in Brazil and its relation with death register, when comparing 1980-1991 and 2000-2010 periods, concluded that there has been an improvement in mortality data in Brazil, with a decrease of 53% in IDCD from the total of the country; in the North and Northeast regions, the percentage of IDCD decreased from 72% in 1991 to about 25% in 2010. 18 This reduction was a result of several initiatives of the Ministry of Health, whose efforts were concentrated in these regions' states. 18, 19 However, more investments are necessary in states such as Amazonas and Acre, in the North region, and Bahia, in the Northeast region, for they still presented, in 2010, percentages of IDCD above 15% before investigations and above 10% after investigations, which may imply issues on access to health services. The study aforementioned also revealed that a rise of 1% in death coverage corresponds to a decrease of 0.24% of IDCD, showing the need to improve register a) Refers to the sum of the categories 'hospital' and 'health facilities' Note: Deaths which the place of occurrence was registered in the Death Certificate as ignored were not significant. For Brazil, they summed up 0.7% of the total, ranging from 0.3% to 0.8% among the macroregions.
in order to create more trustworthy data related to the number of IDCD in the states. 18 For instance, the low percentage of original IDCD in states such as Tocantins, Roraima, Rio Grande do Norte, Espírito Santo and Mato Grosso do Sul, observed in this paper, points to potential issues of under-registration of deaths, mainly in the North and Northeast regions, where the coverage of deaths in states is 85.4% and 88.9%, respectively. 20 In this study, a lower percentage of IDCD was expected to have been found in the state capitals. Nevertheless, we found a percentage of original IDCD higher than 10% in three capitals in the North region, whereas in Rio de Janeiro-RJ and in Goiânia-GO, these numbers were close to 10%. These findings are worrisome, because the capitals are expected to have a better quality of assistance and information on death causes and, consequently, a decrease of IDCD.21 In Rio de Janeiro-RJ, a study on the evolution of registers of deaths due to violence, based on the period from 2000 to 2009, showed that the rise in undetermined causes corresponded mostly to unrecognized homicides, which brought to light issues on the quality of data. 22 Moreover, in this study, we observed that, in the state capitals, the percentage of investigations conducted was higher than in the states as a whole. However, it was exactly outside of the capitals where there were the highest percentages of IDCD and, therefore, a greater need for investigation.
The result of investigations can be verified when analyzing the percentage of investigated deaths which were reclassified in their underlying cause: higher than 80% of deaths in five states and higher than 50% in fifteen states. Studies showed that the use of the verbal autopsy form for investigating IDCD enabled the clarification of underlying cause in approximately 80% of the investigated deaths. 2, 23 The investigation of IDCD with subsequent reclassification of underlying cause in states of the North and Northeast regions, with a significant decrease in the percentage of IDCD, reassures the importance of these investigations. 13 However, in some states from the North region, such as Roraima and Amapá, there was an unexpected rise in this percentage, which suggests the existence of issues on the quality of data registered at SIM.
With regard to the place of occurrence of death, there was a higher percentage of investigated IDCD that occurred in households (54%); in the North and Northeast regions, this information was compatible with the high occurrence of household IDCD in these regions. On the other hand, the fact that more than 50% of investigated IDCD in the Southeast and Midwest regions have occurred in hospitals or health establishments is worrisome. In these places, patients are expected to have access to medical care and, therefore, have a lower percentage of IDCD in death certificates. These data can indicate issues on stating the cause of death in these institutions.
Studies conducted in Brazilian municipalities showed that the IDCD certificate could be avoided in many deaths if physicians sought complementary information in medical records, indicating that available information was not completely used to clarify the death causes. 3, 24 Therefore, it is extremely important for the physician to raise awareness on the relevance of the death certificate, through actions of continued training which allow a complete and correct filling in of the document, in a way that these professionals are able to specify in the DC the conditions and causes that led to death, placing the underlying cause and its complications in the correct fields. 3, 11 A possible explanation for the high percentage of IDCD attested in the IFM and SVO can be found in flowcharts and procedures to issue the DC and notification of underlying cause in these services. In some places, it is possible that the issuing of the DC and the underlying cause were determined through necropsy exams. Therefore, the underlying cause of death registered in the DC will be the IDCD. Later, when the underlying cause is clarified after results of examination, this new underlying cause should be uploaded at SIM as the result of investigation, and then the underlying cause will be changed in the system, which may not happen every time. This way, it is essential that the health departments search for results of necropsies for improving data on causes of death. These findings reinforce the importance of establishing flows and procedures related to information on deaths declared by these services.
The fact that roughly one third of investigated deaths did not have the information regarding the section signee filled in in the DC and, consequently, not informed at SIM, shows one more possible contribution of IDCD investigation. If there was death investigation and a later reclassification of the underlying cause by a physician, it is important that the new signee is registered in the system, as it is already done for the underlying cause of death.
Possible limitations of this study refer to the fact that it is based on SIM's data and, therefore, it depends on the quality of DC filling in and death coverage, matters that present significant regional differences. The quality of investigations and the validity of reclassified causes were not evaluated, besides being possible that some investigations that were really carried out have not been reported to SIM. Also, we should consider that the criteria of considering a case as investigated is not standardized among the Brazilian states.
All in all, the findings of this study indicate that IDCD investigations contributed to improve data on death causes in Brazilian states and capitals in 2010. Investigations of these deaths must be conducted and stimulated by the health managers, until the Mortality Information System -SIM -reaches satisfactory levels of data quality on death causes, resulting from a complete and correct filling in of the Death Certificate, enabling actions from health services to be in harmony with the population's needs, at every level. A gradual decrease in the need for investigation is expected as the population gains more access to adequate and quality medical care.
